Introduction
Cycloadditions of conjugated enynes 1,2 generate six-membered carbocycles that incorporate an additional element of unsaturation relative to the cycloadducts produced in conventional Diels-Alder reactions. When alkynes are employed as "enynophiles", the cyclic allenes 3 initially produced isomerize to form benzenoid aromatic compounds (Scheme 1). 4 This version of the enyne cycloaddition provides an attractive alternative to benzannulations based on Diels-Alder reactions of specially designed diene substrates such as α-pyrones. In enyne cycloadditions where alkenes are employed as enynophiles, conjugated cyclohexadienes are generated that potentially can undergo in situ rearrangement leading to the formation of other useful cyclic systems. Herein we describe the application of this latter approach in a new [4 + 4] annulation strategy for the synthesis of eightmembered carbocyclic compounds.
Eight-membered carbocyclic rings are key features in the structures of several important classes of bioactive natural products and are relatively difficult to access using conventional methodology. 5 Scheme 2 outlines our new [4 + 4] annulation strategy 6, 7, 8 for the synthesis of eight-membered rings. Intramolecular [4 + 2] cycloaddition of a conjugated enyne with a cyclobutene derivative generates a cyclic allene of general type 3 that is expected to rapidly isomerize via either proton or hydrogen atom transfer pathways to afford the bicyclo[4.2.0]-2,4-octadiene intermediate 4. Electrocyclic ring opening 9 then produces the desired eight-membered ring containing system. In principle, the conversion of enyne cycloaddition substrate 1 to cyclooctatriene 2 should be possible in a single synthetic operation as a cascade ("domino") reaction process. 10 Although the thermal interconversion of bicyclo[4.2.0]-2,4-octadienes and 1,3,5-cyclooctatrienes is an equilibrium process that often favors the bicyclic system, in this case we expected to be able to direct the reaction to favor the desired eight-membered ring isomer through the appropriate choice of substituents (vide infra).
Results and discussion

[4 + 4] Annulation with cyclobutenones
As in the case of Diels-Alder reactions and dipolar cycloadditions, the [4 + 2] cycloaddition of conjugated enynes proceeds with the greatest facility when electron-deficient π bonds are employed as reaction partners. 1, 2 We began our investigation of the proposed [4 + 4] annulation strategy by examining the cycloaddition of enyne 7 in which a cyclobutenone 11 serves as the enynophile component. Eq 1 outlines the synthesis of cyclobutenone 7, which features the reaction of 3-ethoxycyclobutenone 12 with an organolithium compound prepared beginning from the known enynyl alcohol 5. 13,14 (1) Cyclobutenones undergo 4-electron electrocyclic ring opening to form vinylketenes at elevated temperature, 15 so we initially examined the [4 + 2] enyne cycloaddition of 7 in the presence of Lewis and Brønsted acids 2a in the hope of achieving the desired transformation at room temperature or below. In the event, exposure of cyclobutenone 7 to MsOH or Lewis acids such as TiCl 4 , AlCl 3 , and Me 2 AlCl produced complex mixtures, but we were pleased to find that reaction with BF 3 -etherate at room temperature gave the desired cyclooctatrienone 8 16 in 35% yield (eq 2).
Under these and related conditions, an aromatic ketone byproduct was also isolated in comparable amounts that was identified as the indan derivative 13. For example, reaction of 7 with 1.4 equiv of BF 3 -etherate at 50 °C for 4 h afforded a mixture of cyclooctatrienone 8 (30%) and indan 13 (36%). Scheme 3 outlines a plausible mechanism for the formation of these two major products of the reaction. The electrocyclic cleavage of bicyclo[4.2.0]-2,4octadienes usually requires elevated temperatures, typically in the range 60-100 °C. In many cases an equilibrium mixture of bicyclooctadiene and cyclooctatriene is observed, with the ratio dependent on the nature of the substituents. 17 In the case of the ketone-Lewis acid complex 9, we expected the ring opening to proceed under unusually mild conditions and to greatly favor 10 due to the increased delocalization of positive charge in the product of electrocyclic opening. Note that the transformation of 9 to 10 can also be viewed as a variant of the well known cyclobutyl to homoallyl carbocation rearrangement. In a similar fashion, the formation of the aromatic ketone byproduct 13 could be proceeding via cyclobutyl carbocation rearrangement involving the alternate C2-C3 bond of the four-membered ring to generate the delocalized pentadienyl cation intermediate 11.
Two other cyclobutenone cycloaddition substrates (14 and 15) were next prepared and subjected to treatment with both Lewis and Brønsted acids under a variety of conditions. None of the desired [4 + 4] annulation products were detected in these reactions, which either returned unreacted starting material or led to the formation of complex mixtures of uncharacterizable products. We therefore next turned our attention to systems in which the carbonyl activating group is positioned exocyclic with respect to the cyclobutene ring. It was our expectation that these substrates would not be subject to the unproductive mode of fragmentation observed in the reactions of cyclobutenones, and might therefore undergo the desired [4 + 4] annulation more efficiently and in good yield.
[4 + 4] Annulation with acylcyclobutenes
Scheme 4 outlines our syntheses of acylcyclobutene cycloaddition substrates 20-23 which are based on an application of the Weinreb ketone synthesis. 18, 19 The requisite cyclobutenyl Weinreb amide building block (19) was prepared from cyclobutenecarboxylic acid 20 in 79% yield by treatment with oxalyl chloride (cat. DMF, CH 2 Cl 2 , rt, 1 h) followed by addition of 1.1 equiv of N,O-dimethylhydroxylamine hydrochloride and 2.2 equiv of Et 3 N (rt, 1 h).
The [4 + 4] annulation with acylcyclobutene 21 was examined first. No reaction of this substrate was observed upon heating at 110 °C, while at higher temperatures the desired cyclooctatriene 26 was observed to form, but only as one component in a complex mixture of products. In the presence of BF 3 -etherate only a small amount of 26 was detected upon reaction at −55 °C, and at higher temperatures significant polymerization took place. However, exposure of cyclobutenyl ketone 21 to 1 equiv of MsOH at −78 °C led to a relatively clean reaction to afford the desired intermediate tricyclic ketone 24. This compound could not be purified without partial decomposition, and therefore was best carried on in the electrocyclic ring opening step without prior purification.
In some trials the treatment of 21 with MsOH at −78 °C led to incomplete cycloaddition, and reaction at higher temperature resulted in the formation of numerous byproducts. After some experimentation, a more reproducible protocol was developed utilizing reaction with 2,4,6-triisopropylbenzenesulfonic acid ("TIPPSO 3 H") 21 at 0 °C. Thus, exposure of 21 to the action of 0.5 equiv of TIPPSO 3 H in dichloromethane at 0 °C for 2 h cleanly furnished the desired tricyclic ketone 24 in good yield (Scheme 5). Other acids such as TsOH, camphorsulfonic acid, and trifluoroacetic acid were not effective promoters of the enyne cycloaddition and led to either sluggish reaction, or decomposition at higher temperatures. Interestingly, the related enyne substrate 20 was found to react slowly in the presence of TIPPSO 3 H, and in this case the optimal protocol for the [4 + 2] cycloaddition involves reaction with MsOH at −30 to −15 °C.
Thermolysis of unpurified tricyclic ketone 24 at 90-95 °C overnight brought about the desired 6-electron electrocyclic opening reaction affording the cyclooctatriene 26 in 78% overall yield from 21 after purification by column chromatography. Surprisingly, some samples of 21 underwent rearrangement upon heating for several hours at only 70 °C. We hypothesized that adventitious acid might be promoting the rearrangement in these cases, and indeed, in the presence of added acid (camphorsulfonic acid, CSA) complete conversion to 26 was observed to take place at only 50 °C. Rearrangement of the tricyclic ketone 25 (with R = H) was slower, and in this case even at 100 °C no reaction was observed in the absence of acid, although the desired rearrangement did occur smoothly in the presence of 2 equiv of CSA.
The critical role of acid in promoting the rearrangement of 24 and 25 to 26 and 27 was confirmed by the observation that reaction is inhibited in the presence of an acid scavenger. For example, no electrocyclic ring opening was observed when the bicyclooctadiene intermediate 25 was heated overnight at 100 °C in the presence of calcium carbonate, and the tricyclic ketone was recovered in 83% yield after column chromatography. We attribute the acceleration of the electrocyclic ring opening of intermediates of type 28 relative to the unprotonated ketones to the fact that significant delocalization of positive charge develops in the transition state leading to the eight-membered ring products 29 (eq 3). To our knowledge, these transformations represent the first examples of the acceleration of a 6electrocyclic ring opening reaction by acid. Note, however, that Bergman and Trauner have recently reported the acceleration of 6-electron electrocyclic ring closure reactions of hexatrienes by catalytic amounts of Me 2 AlCl. 22 Efficient [4 + 4] annulation did not take place in the case of several related acylcyclobutenes, including enyne 30 23 (with a three-atom rather than four-atom "tether" 24 ) and the ester derivatives 31 and 32 25 (eq 4). In each case, no reaction was observed in the presence of acid at room temperature or below, and complex mixtures of products were formed at elevated temperatures.
Finally, successful [4 + 4] annulation was achieved with acylcyclobutenes 22 and 23, providing access to the tricyclic eight-membered ring containing products 38 and 39 (Scheme 6). In the case of the [4 + 2] cycloaddition of enyne 22, reaction with MsOH generated the desired cyclohexadiene intermediate 36 accompanied by a significant amount of an isomeric diene 40.
Formation of the isomeric diene 40 could arise via the pathway outlined in eq 5. Under the acid-promoted enyne cycloaddition conditions, isomerization of the intermediate cyclic allene 41 proceeds via protonation to form an allylic carbocation of type 42. In this case, proton loss apparently produces 40 in addition to the desired endocyclic diene 36, possibly due to increased ring strain in this tetracyclic system. An analogous isomeric diene byproduct was also observed to form in the cycloaddition of the cyclohexenyl substrate 23. 
Conclusions
Experimental
General procedures
All reactions were performed in flame-dried or oven-dried glassware under a positive pressure of argon. Reaction mixtures were stirred magnetically unless otherwise indicated. Air-and moisture-sensitive liquids and solutions were transferred by syringe or cannula and introduced into reaction vessels through rubber septa. Reaction product solutions and chromatography fractions were concentrated by rotary evaporation at ca. 20 mmHg and then at 0.1 mmHg (vacuum pump) unless otherwise indicated. Thin layer chromatography was performed on EMD precoated glass-backed silica gel 60 F-254 0.25 mm plates.
Materials
Commercial grade reagents and solvents were used without further purification except as indicated below. Dichloromethane, diethyl ether, and tetrahydrofuran were purified by pressure filtration through activated alumina. CuI was purified by Soxhlet extraction with THF for 48 h followed by drying under vacuum (0.1 mmHg) over P 2 O 5 for 24 h. Diisopropylamine, triethylamine, pentane, and boron trifluoride etherate were distilled under argon from calcium hydride. TFAA was distilled under argon. 2-Bromopropene was filtered through activated basic alumina before use. n-Butyllithium was titrated according to the method of Watson-Eastham using BHT in THF with 1,10-phenanthroline as an indicator. 26 t-Butyllithium was titrated in pentane with menthol at 0 °C using 1,10-phenanthroline as the indicator. 3-Ethoxycyclobutanone, 12 cyclobutenecarboxylic acid, 20 cyclopentenyl trifluoromethanesulfonate, 27 and 2,4,6-tri(iso-propyl)benzenesulfonic acid (TIPPSO 3 H) 21 were prepared according to the previously reported procedures. Cyclohexenyl trifluoromethanesulfonate was prepared via a minor modification of the published procedure 28 in which LiHMDS was substituted for LDA. Column chromatography was performed on Sorbent Technologies Standard Grade silica gel 60 (230-400 mesh) or on EMD Chromatographic Grade basic alumina (80-325 mesh). Chromatography with acetonedeactivated silica gel was carried out by mixing silica gel with acetone (ca. 10 mL/g) for 5 min, using this slurry to build a column, and then flushing the column with two column volumes of hexanes before applying the sample to be purified.
Instrumentation
Infrared spectra were obtained using a Perkin Elmer 2000 FT-IR spectrophotometer. 1 H NMR spectra were recorded on a Bruker Avance-400 (400 MHz) spectrometer. 1 H NMR chemical shifts are expressed in parts per million (δ) downfield from tetramethylsilane (with the CHCl 3 peak at 7.27 ppm used as a standard). 13 C NMR spectra were recorded on a Bruker Avance-400 (100 MHz) spectrometer. 13 C NMR chemical shifts are expressed in parts per million (δ) downfield from tetramethylsilane (with the central peak of CHCl 3 at 77.23 ppm used as a standard). High-resolution mass spectra (HRMS) were measured on a Bruker Daltonics APEXII 3 tesla Fourier transform mass spectrometer.
Synthesis of cycloaddition substrates
General procedure for conversion of alcohols to iodides-7-iodo-2methylhept-1-en-3-yne (6).
A 50-mL, three-necked, round-bottomed flask equipped with a stir bar, rubber septum, glass stopper, and argon inlet adapter was charged with the alcohol 5 (0.759 g, 6.12 mmol, 1.0 equiv) and 10 mL of THF. The solution was cooled to 0 °C, and triphenylphosphine (1.60 g, 6.12 mmol, 1.0 equiv), imidazole (0.624 g, 9.16 mmol, 1.5 equiv), and iodine (2.31 g, 9.10 mmol, 1.5 equiv) were each added in one portion. The reaction mixture became dark brown in color. The solution was stirred at 0 °C in the dark for 2.5 h, and then diluted with 100 mL of satd aq Na 2 S 2 O 3 solution and extracted with five 50-mL portions of pentane. The combined organic layers were washed with 50 mL of brine, dried over MgSO 4 , filtered, and concentrated at 0 °C (20 mmHg). The colorless oil containing some white solid was filtered through a short plug of activated basic alumina using 80 mL of pentane and the filtrate was concentrated at 0 °C (20 mmHg) to give 1. 
3-(6-Methylhept-6-en-4-ynyl)cyclobut-2-enone (7)
-A 100-mL, three-necked, round-bottomed flask equipped with a stir bar, rubber septum, thermocouple probe, argon inlet adapter, and 25-mL addition funnel fitted with a rubber septum was charged with the iodide 6 (1.20 g, 5.14 mmol, 1.3 equiv), 4.5 mL of pentane, and 11.4 mL of Et 2 O. The solution was cooled at −78 °C while t-BuLi solution (1.63 M solution in pentane, 6.34 mL, 10.3 mmol, 2.7 equiv) was added dropwise via the addition funnel over 15 min. The resulting mixture was stirred at −78 °C for 5 min, and then a solution of 3ethoxycyclobutenone 12 
N-Methoxy-N-methylcyclobut-1-enecarboxamide (19)-
A 250-mL, threenecked, round-bottomed flask equipped with an argon inlet adapter and two rubber septa was charged with cyclobutenecarboxylic acid 20 (1.13 g, 11.5 mmol, 1.0 equiv) and 70 mL of CH 2 Cl 2 . Oxalyl chloride (1.02 mL, 1.53 g, 12.0 mmol, 1.0 equiv) and DMF (4 drops) were added, and the resulting mixture was stirred at rt for 1 h (gas evolution) and then cooled to 0°C . A solution of N,O-dimethylhydroxylamine hydrochloride (1.23 g, 12.6 mmol, 1.1 equiv) and triethylamine (3.52 mL, 2.56 g, 25.3 mmol, 2.2 equiv) in 40 mL of CH 2 Cl 2 was added dropwise via cannula over 5 min (5-mL CH 2 Cl 2 rinse). The pale yellow reaction mixture was allowed to warm to rt and stirred for 1 h in the dark. Water (50 mL) was added and the aqueous layer was separated, neutralized with satd aq NaHCO 3 solution, and then extracted with two 125-mL portions of Et 2 O. The combined organic layers were washed with 100 mL of brine, dried over MgSO 4 , filtered, and concentrated to give 1.748 g of yellow oil. Purification by column chromatography on 52 g of silica gel (elution with 25 4.12. 1-Cyclobutenyl-6-(cyclopent-1-en-1-yl) -hex-5-yn-1-one (22)-Reaction of iodide 18b (0.898 g, 3.45 mmol, 1.15 equiv) with t-BuLi solution (1.39 M in pentane, 5.00 mL, 6.95 mmol, 2.3 equiv) and then with Weinreb amide 19 (0.423 g, 3.00 mmol, 1.0 equiv) according to the general procedure gave 0.766 g of yellow oil. Purification by column chromatography on 115 g of acetone-deactivated silica gel (elution with 0-5% EtOAchexanes) afforded 0.410 g (64%) of enone 22 as a white solid, mp 30 4.13. 1-Cyclobutenyl-6-(cyclohex-1-en-1-yl) The pale yellow solution was cooled to 0 °C and BF 3 -etherate (0.20 mL, 0.23 g, 1.6 mmol, 1.4 equiv) was added dropwise via syringe over 30 sec. The reaction mixture was stirred at 0 °C for 20 min while the color changed to orange and then tan. The rubber septum was replaced with a Teflon cap, and the reaction mixture was heated at 50 °C. After 4 h, the solution was cooled to rt and the Teflon cap was replaced with a rubber septum and argon inlet needle. The reaction mixture was cooled to 0 °C and 3 mL of satd aq NaHCO 3 solution was added dropwise via syringe over 1 min. The resulting mixture was extracted with two 20-mL portions of CH 2 Cl 2 and the combined organic layers were washed with 20 mL of brine, dried over MgSO 4 , filtered, and concentrated at 10 °C (20 mmHg) to give 0.478 g of a brown oil. Column chromatography on 48 g of silica gel (elution with 5-20% Et 2 O-pentane) afforded 0.061 g (30%) of cyclooctatrienone 8 as a yellow oil and 0.075 g (36%) of indan 13 as a yellow oil. 
[4 + 4] Annulations with acylcyclobutenes
(5Z,7Z)-6-Methyl-3,4,9,10-tetrahydrobenzo[8]annulen-1(2H)-one (26)
Method A: a 250-mL, three-necked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with enone 21 (0.107 g, 0.569 mmol, 1.0 equiv) and 57 mL of CH 2 Cl 2 . The reaction mixture was cooled to −78 °C and methanesulfonic acid solution (0.24 M in CH 2 Cl 2 , 2.35 mL, 0.57 mmol, 1.0 equiv) was added dropwise over 5 min. The yellow reaction mixture was stirred at −78 °C for 4 h, and then 10 mL of satd aq NaHCO 3 solution was added dropwise over 5 min. The resulting mixture was warmed to 0 °C and then diluted with 10 mL of brine. The organic phase 30 was dried over Na 2 SO 4 and filtered into a threaded Pyrex tube (28 mm I.D., 35 mm O.D., 20-cm long). The pale blue reaction mixture was deoxygenated with a stream of argon for 5 min, and then the tube was sealed with a threaded Teflon cap. The reaction mixture was heated at 70 °C for 5 h, and then cooled to rt and concentrated to give 0.125 g of brown oil. Purification by column chromatography on 16 g of silica gel (elution with 8% EtOAchexanes) afforded 0.074 g (69%) of cyclooctatriene 26 as a yellow oil: IR (neat) 3307, 2932, 1663, 1609, 1433, 1374, 1299, 1176, 1128, 819, 756 
Method B:
A 250-mL, three-necked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with enone 21 (0.136 g, 0.722 mmol, 1.0 equiv) and 72 mL of CH 2 Cl 2 . The reaction mixture was cooled to 0 °C and 2,4,6-triisopropylbenzenesulfonic acid (0.103 g, 0.362 mmol, 0.5 equiv) was added in one portion. The reaction mixture was stirred at 0 °C for 2 h during which time the color changed from colorless to purple. Satd aq NaHCO 3 solution (70 mL) was added in one portion and the organic phase was separated and washed with 50 mL of brine, dried over Na 2 SO 4 , filtered, and concentrated at 5-10 °C (20 mmHg). The resulting yellow oil was diluted with 75 mL of CH 2 Cl 2 and transferred to a threaded Pyrex tube (28 mm I.D., 35 mm O.D., 20-cm long) equipped with a stir bar, rubber septum, and an argon inlet needle. The solution was deoxygenated with a stream of argon for 5 min and then sealed with a threaded Teflon cap. The reaction mixture was heated at 90-95 °C for 20 h and then cooled to rt and concentrated at 5-10 o C (20 mmHg) to give a brown oil. Purification by column chromatography on 12 g of silica gel (elution with 5% Et 2 O-pentane) afforded 0.106 g (78%) of cyclooctatriene 26 as a yellow oil.
Method C:
A 250-mL, three-necked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with enone 21 (0.160 g, 0.850 mmol, 1.0 equiv) and 72 mL of CH 2 Cl 2 . The reaction mixture was cooled to 0 °C and 2,4,6-triisopropylbenzenesulfonic acid (0.120 g, 0.422 mmol, 0.5 equiv) was added in one portion. The reaction mixture was stirred at 0 °C for 2 h during which time the color changed from colorless to purple. Satd aq NaHCO 3 solution (100 mL) was added in one portion and the organic phase was separated, washed with 100 mL of satd aq NaHCO 3 solution, dried over Na 2 SO 4 , filtered, and concentrated at 5-10 o C (20 mmHg). The resulting yellow oil was diluted with 70 mL of CH 2 Cl 2 and transferred to a threaded Pyrex tube (28 mm I.D., 35 mm O.D., 15-cm long) equipped with a stir bar, rubber septum, and an argon inlet needle. Camphorsulfonic acid (0.400 g, 1.72 mmol, 2.0 equiv) was added and the solution was deoxygenated with a stream of argon for 5 min. The tube was sealed with a threaded Teflon cap, heated at 50 °C for 17 h, and then cooled to rt and concentrated at 5-10 o C (20 mmHg) to give a brown oil. Purification by column chromatography on 12 g of silica gel (elution with 5% Et 2 O-pentane) afforded 0.098 g (61%) of cyclooctatriene 26 as a yellow oil.
(5Z,7Z)-3,4,9,10-Tetrahydrobenzo[8]annulen-1(2H)-one (27)-
A 250-mL, three-necked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with enone 20 (0.150 g, 0.861 mmol, 1.0 equiv) and 80 mL of CH 2 Cl 2 . The reaction mixture was cooled to −30 °C and methanesulfonic acid solution (0.24 M in CH 2 Cl 2 , 3.6 mL, 0.86 mmol, 1.0 equiv) was added over 4 min. The reaction mixture was stirred at −30 to −15 °C for 2.5 h and then 50 mL of satd aq NaHCO 3 solution was added in one portion. The organic layer was separated and washed with 50 mL of satd aq NaHCO 3 , dried over Na 2 SO 4 , filtered, and concentrated to give a yellow oil. 31 This material was dissolved in 80 mL of CH 2 Cl 2 and transferred to a threaded Pyrex tube (28 mm I.D., 35 mm O.D., 20-cm long) equipped with a stir bar, rubber septum, and an argon inlet needle. Camphorsulfonic acid (0.400 g, 1.72 mmol, 2.0 equiv) was added and the solution was deoxygenated with a stream of argon for 5 min. The tube was sealed with a threaded Teflon cap. The reaction mixture was heated at 100 °C for 15 h and then cooled to rt and concentrated to give a brown oil. Purification by column chromatography on 15 3. (3aZ,11Z)-2,3,5,6,9,10-Hexahydro-1H-benzo[a]cyclopenta[d] [8]annulen-7(8H)-one (38)-A 250-mL, three-necked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with enone 22 (0.095 g, 0.44 mmol, 1.0 equiv) and 44 mL of CH 2 Cl 2 . The reaction mixture was cooled to −78 °C and 1.82 mL of methanesulfonic acid solution (0.24 M in CH 2 Cl 2 , 0.44 mmol, 1.0 equiv) was added dropwise over 1 min. The pale yellow reaction mixture was stirred at −78 °C for 1 h, and then additional methanesulfonic acid solution (0.24 M in CH 2 Cl 2 , 0.90 mL, 0.22 mmol, 0.50 equiv) was added. After 30 min at −78 °C, the reaction mixture was warmed to −60 °C, stirred for 1 h, and then additional methanesulfonic acid solution (0.24 M in CH 2 Cl 2 , 0.90 mL, 0.22 mmol, 0.5 equiv) was added. The green reaction mixture was stirred at −60 °C for 3 h, and then 10 mL of satd aq NaHCO 3 solution was added and the resulting mixture was warmed to 0 °C over 10 min. The blue organic phase 32 was separated, dried over Na 2 SO 4 , and then filtered into a threaded Pyrex tube (35 mm O.D.; 28 mm I.D.; 15-cm long) equipped with a stir bar, rubber septum, and an argon inlet needle. The solution was deoxygenated with a stream of argon for 5 min and then the tube was sealed with a threaded Teflon cap. The reaction mixture was heated at 70 °C for 3 h, and then cooled to rt and concentrated to give 0.124 g of green oil. Purification by column chromatography on 16 g of silica gel (elution with 3-8% EtOAc-hexanes) afforded 0.038 g (40%) of cyclooctatriene 38 as an orange oil: IR (neat) 2929 4. (7Z,11aZ)-2,3,5,6,8,9,10,11-Octahydrodibenzo[a,d] [8]annulen-4(1H)-one (39)-A 250-mL, three-necked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with enone 23 (0.017 g, 0.47 mmol, 1.0 equiv) and 47 mL of CH 2 Cl 2 . The reaction mixture was cooled to −78 °C and 2.02 mL of methanesulfonic acid solution (0.24 M in CH 2 Cl 2 , 0.489 mmol, 1.0 equiv) was added dropwise over 2 min. The reaction mixture was stirred at −78 °C for 3 h, and then 10 mL of satd aq NaHCO 3 solution was added dropwise over 5 min. The reaction mixture was warmed to 0 °C over 10 min, and then diluted with 10 mL of brine. The organic phase 33 was separated and dried over Na 2 SO 4 and then filtered into a threaded Pyrex tube (35 mm O.D.; 28 mm I.D.; 15-cm long) equipped with a stir bar, rubber septum, and an argon inlet needle. The solution was deoxygenated with a stream of argon for 5 min and then the tube was sealed with a threaded Teflon cap. The reaction mixture was heated at 70 °C for 14 h, and then cooled to rt and concentrated to give 0.112 g of brown oil. Purification by column chromatography on 17 g of silica gel (elution with 5% EtOAc-hexanes) provided 0. 
